MJ:mgs 12/09/03 239932 EXPRESS MAIL LABEL NO. EV 339208044 US. 

Attorney Reference Number 6047-675 1 8 DATE OF DEPOSIT: December 9, 2003 

PATENT 

-1- 

PACKAGES FOR SEMICONDUCTOR DIE 
Technical Field 

The disclosure pertains to packages for semiconductor die and methods of 
packaging semiconductor die. 

5 Background 

Semiconductor fabrication processes have been developed that permit the 
integration of very large numbers of transistors, diodes, and other circuit elements onto 
a single integrated circuit. Such integrated circuits generally require large numbers of 
electrical connections to receive inputs and supply outputs. Because these integrated 

1 0 circuits are generally very small, the required input/output electrical connections on the 
integrated circuit are both numerous and densely spaced. 

A significant problem in the use of integrated circuits is packaging the integrated 
circuit in such a way as to electrically connect to the many, densely spaced input/output 
electrical connections. If the input/output electrical connections must be spread out to 

1 5 permit electrical connections to other integrated circuits, other circuits or circuit 

components such as printed circuit boards, then much of the advantage of integrated 
circuit miniaturization is lost. 

One method of packaging integrated circuits for electrical connection to a 
printed circuit board is the so-called ball grid array (BGA) package. A BGA package 

20 includes a semiconductor die (an integrated circuit) that is attached to a substrate. 

Electrical connections are made from the die to the substrate with bond wires that are 
attached to bond pads provided on the die and the substrate. The bond pads on the 
substrate are electrically connected to an array of solder balls or bumps, and these 
solder balls are used to bond and make electrical connection to the printed circuit board. 

25 BGA packages are described in, for example, Tsuji et al., U.S. Patent No. 5,930,603, 
Tsunoda et al., U.S. Patent No. 5,914,531, and Tsuji et al, U.S. Patent No. 5,293,072. 
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Not only are BGA packages more compact than other packages, BGA packaged 
devices generally have superior thermal and electrical properties. The solder balls 
provide an excellent thermal path for the removal of heat from the semiconductor die as 
well as providing low resistance, low inductance electrical connections. 
5 BGA packages have several drawbacks. For example, soldering a BGA 

packaged device to a printed circuit board can require precise soldering process control. 
Accordingly, improved packages, packaging methods, and packaging apparatus are 
needed. 

1 0 Summary of the Invention 

Packaged semiconductor die are provided that include a semiconductor die 
attached to a first major surface of a substrate. One or more solder bumps or balls are 
attached to a second major surface of the substrate opposite to the first major surface. A 
substrate edge extends between the first and second major surfaces. An elongated rib 

1 5 projects outwardly from the second major surface and extends along at least part of a 
perimeter portion of the second surface. In some embodiments, the rib overlaps and 
encapsulates at least a portion of the substrate edge. The rib may comprise a band or 
frame that borders the entire perimeter of the second surface of the substrate. The field 
or space within the frame may comprise a void or recess bounded by the frame and 

20 second surface of the substrate and which is void of material except for solder bumps 
within the recess. 

In additional embodiments, packaged die include a package cover that 
encapsulates at least a perimeter portion of the first surface of the substrate and the 
semiconductor die. Some embodiments includes bond wires that electrically connect 
25 the semiconductor die to the substrate, and the package cover encapsulates the bond 
wire. In other embodiments, the packaged semiconductor die includes an adhesive 
layer that bonds the semiconductor die to the first surface of the substrate. 
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Integrated circuit assemblies are provided that include a semiconductor die that 
is attached and electrically connected to a substrate. Solder bumps electrically connect 
the substrate to a circuit board and a package cover encapsulates the semiconductor die 
and at least a portion of an edge of the substrate. The package cover includes a rib that 
5 extends to contact the circuit board. 

Mold sets are provided for molding a package for at least one die bonded to a 
substrate. The mold sets include an upper mold and a lower mold. The upper mold 
defines a package cover for encapsulating the die and a portion of a surface of the 
substrate to which the die is bonded while the lower mold defines a rib that extends 

1 0 from a surface of the substrate. In a specific embodiment, the upper mold and lower 
mold define the package cover and the rib so that a portion of the substrate edge is 
encapsulated by either the package cover or the rib, or both the package cover and the 
rib. In additional embodiments, the upper mold and the lower mold define package 
covers and ribs for a plurality of die bonded to the substrate such as a substrate strip. 

1 5 Methods of reducing moisture penetration into a circuit assembly that includes a 

substrate and a circuit board are provided that include covering at least a portion of an 
edge of a substrate with an encapsulant. In addition, a rib may be formed that covers at 
least a portion of a first surface of the substrate and extends from a second surface of 
the substrate and contacts the circuit board. In further embodiments, the circuit 

20 assembly includes a die and the die is covered with the encapsulant. 

Methods of soldering a substrate provided with solder bumps to a circuit board 
are provided. The methods include contacting the circuit board with the solder bumps 
and heating the solder bumps so that the solder bumps reflow, thereby connecting the 
solder bumps to the circuit board. A projecting stop is situated along at least a portion 

25 of the periphery to maintain a separation between the substrate and the circuit board as 
the solder bumps reflow. In some embodiments, the solder bumps are heated so that the 
stop contacts the circuit board and the stop is bonded to the circuit board and the 
substrate. The stop may comprise an elongated rib which projects from the surface of 
the substrate containing the bumps. Typically an elongated portion of the stop is 
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positioned along each side of the periphery of the substrate to maintain the desired 
spacing. 

Methods of packaging a die are provided that include bonding the die to a first 
surface of a substrate and attaching one or more solder bumps to a second surface of the 
5 substrate. In addition, an encapsulating layer is provided that encapsulates the die, 
wherein the encapsulating layer includes a rib that encapsulates at least a perimeter 
portion of the second surface of the substrate. In some embodiments, the encapsulating 
layer encapsulates at least a portion of the first surface of the substrate and the rib is 
defined with a mold. In other embodiments, the rib has a thickness that is at least as 

1 0 large as a thickness of the solder bumps. 

Methods of attaching a substrate to a circuit board are provided that include 
providing a rib that covers a perimeter portion of a surface of a substrate and electrically 
connecting the substrate to the circuit board so that the separation of the substrate and 
the circuit board is defined by the rib. 

1 5 Methods of attaching a ball grid array packaged die to a circuit board are 

provided that include providing a support rib at a perimeter of a surface of the ball grid 
array packaged die and heating the packaged die to reflow solder bumps provided at the 
surface. 

Methods of making a package for a die mounted to a substrate are provided that 
20 include contacting a first surface of the substrate with a first mold and contacting the 
first mold with a second mold. An encapsulant is injected into a cavity defined by the 
first mold and the second mold, wherein one of the first mold and the second mold 
define a cavity for a rib. 

The invention is directed to novel and non-obvious aspects of this disclosure, 
25 both individually and in combination as set forth in the claims below. 
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Brief Description of the Drawings 

FIG. 1 is a sectional view of one form of a ball grid array (BGA) assembly that 
is soldered to a printed circuit board. 

5 FIG. 2 is a plan view of the BGA assembly of FIG. 1, without the printed circuit 

board. 

FIG. 3 is a sectional view of a BGA assembly that incorporates an encapsulating 
layer in the ball grid array area of the assembly. 

10 

FIG. 4 illustrates molds for producing one form of a package cover and a rib for 
a die bonded to a substrate. 

FIG. 5A is a perspective view illustrating a plurality of die bonded to a substrate 

1 5 strip. 

FIG. 5B is a sectional view of the substrate strip and die of FIG. 5 A. 

FIG. 5C is another sectional view of the substrate strip and the die of FIG. 5 A. 

20 

FIG. 5D is a sectional view of the substrate strip and the die of FIG. 5 A with 
solder bumps attached. 

Detailed Description 

25 FIG. 1 illustrates a ball grid array (BGA) assembly 100 that is shown soldered to 

a printed circuit board (PCB) 110. FIG. 2 is a plan view of the BGA assembly 100, 
without the PCB 1 10. The BGA assembly 100 includes a semiconductor die 102, such 
as an integrated circuit, that is mounted to a substrate 104, such as by being adhesively 
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bonded thereto with a tape adhesive 105, an epoxy, or other adhesive. One or more 
bond wires 106 or other interconnect electrically connect the semiconductor die 102 to 
bond pads 107 on the substrate 104. The substrate 104 generally defines one or more 
circuit patterns 108 that electrically connect the semiconductor die 102 to solder balls or 
5 bumps 1 14 attached to a surface 109 of the substrate 104 via the bond wires 106. The 
solder balls or bumps 1 14 are typically attached to the substrate 104 at bond pads 138. 
The PCB 1 10 is attached to the substrate 104 by the solder balls 1 14, completing the 
electrical connection of the semiconductor die 102 to the PCB 110. 

The substrate 104 may be a multilayer material that includes layers of 

1 0 conducting and insulating materials. Representative materials include insulating circuit 
board base materials such as polyimide, glass epoxy, and glass fiber layers, as well as 
conducting layers such as copper, and solder resist layers. The illustrated substrate 
includes first and second major opposed surfaces 1 1 1, 109 with a substrate edge 122 
extending between the major surfaces. In FIG. 1, the die 102 is mounted to the first or 

1 5 upper major surface 111 of the substrate and the solder balls project outwardly from the 
second or lower major surface 109 in a direction away from the first surface. 

The semiconductor die 102 and the bond wires 106 in the illustrated 
embodiment are encapsulated by a package cover 120. Cover 120 may be made of a 
cured liquid encapsulate, a cured epoxy, a molded plastic, a cured liquid resin, or other 

20 material. The package cover 120 in the examples shown also encapsulates at least a 
portion of, and in this case the entire perimeter region 126 of the upper major substrate 
surface 1 1 1 as well as the substrate edge 122, and a perimeter region 128 of the lower 
major surface 1 1 1 of the substrate 104. The package cover 120 includes a rib 130 that 
extends from the surface 109 to the PCB 110. The rib 130 projects outwardly from 

25 surface 109 in the same direction as the solder balls 1 14. The rib 130 is preferably 

elongated and extends along at least a portion of the perimeter of the substrate. The rib 
may comprise a band or frame which extends along the entire periphery or perimeter of 
the substrate. In this case, the package cover 120, the PCB 1 10, and the surface 109 
form a cavity 132 that encloses the solder balls 1 14. That is, the solder balls in this case 
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are positioned within a field bordered by the rib 130 with the cavity 132 being void of 
material between at least a plurality of the balls and desirably between all of the balls. 

The BGA assembly 100 can be bonded to the PCB 110 with a soldering process. 
The BGA assembly 100 is placed in contact with the PCB 1 10 so that the solder balls 
5 1 14 contact bond pads 140 on the PCB 1 10. The BGA assembly 100 and the PCB 110 
are arranged so that gravity or other force presses the BGA assembly 100 and the PCB 
110 together. The BGA assembly 100 and the PCB 1 10 are then heated, generally in an 
oven or on a hot plate, so that the solder balls 114 solder to the bond pads 140. 

The soldering process can be characterized by a time-temperature exposure 

1 0 profile that specifies temperatures and the durations for which the BGA assembly 100 
and the PCB 1 10 are exposed to the temperatures. The time-temperature exposure 
profile frequently includes time intervals during which the exposure temperature 
increases or decreases ("ramp" times) and time intervals during which a constant 
temperature is maintained ("soak" times). Ramp times generally reduce thermally- 

1 5 induced stresses while soak times permit the BGA assembly 100 and the PCB 1 10 to 
reach selected temperatures. Soldering the BGA assembly 100 to the PCB 1 10 requires 
sufficient heating to reflow the solder balls 1 14 to form an electrical connection to the 
bond pads 140 the PCB 110. The rib 130 may have a thickness slightly greater than the 
diameter of the solder balls 114. When the solder balls 140 reflow, the rib 130 

20 eventually contacts the PCB 110, and acts as a stop which fixes the separation of and 
maintains the planarity of the PCB 1 10 and the BGA assembly 100. This stop function 
is enhanced by positioning the rib about the entire periphery of the substrate. However, 
the stop function may be achieved by the placement of a section of elongated rib on two 
or more sides of the perimeter of this substrate or by alternative rib placements. For 

25 example, a rib can be placed on an interior portion of the surface 109, so that the rib is 
within the array of solder balls 1 14. 

The rib 130 permits long ramp times, long soak times, or relaxed control of 
ramp and soak times because the rib 130 maintains the separation of the BGA assembly 
100 and the PCB 110 even if the solder balls 1 14 reflow excessively. By maintaining 
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the separation of the BGA 100 and the PCB 1 10, the rib 130 also maintains planarity 
between the substrate 104 and the PCB 110. In a conventional soldering process with a 
conventional BGA component, the time-temperature exposure profile must be carefully 
maintained or the BGA component and the PCB to which it is to be attached can 
5 contact, or lose planarity. The rib 130 overcomes these problems. 

FIG. 3 illustrates a BGA assembly 200, similar to the BGA assembly 100 of 
FIG. 1. The BGA assembly 200 includes an encapsulant layer 250 situated in the cavity 
132 formed by the PCB 1 10 and the BGA assembly 200. While the BGA assembly 100 
of FIG. 1 encapsulates the edge 122 and perimeter portions of the substrate 104, the 

1 0 encapsulant layer 250 in FIG. 3 protects a portion 150 of the surface 109 that is exposed 
in FIG. 1. The encapsulant layer 250 is desirably provided after the BGA assembly 200 
is soldered to the PCB 1 10, through access holes 260 provided in the rib 130 to allow 
introduction of the encapsulant or through access holes 261, 262 in the substrate 104. 

While the example BGA assemblies described above include solder balls, solder 

1 5 bumps or other solder shapes can be used. As used herein, solder bumps includes 

solder balls and solder in any other projecting shape, and solder refers to an electrically 
conducting material that reflows when heated. 

The rib 130 of the FIGS. 1-2 example may extend completely around the 
perimeter region 128 of the substrate 104, but again, ribs that extend along only selected 

20 parts of the perimeter region 128 can be provided. For example, the rib 1 30 can extend 
along two sides of the substrate 104, or can include sections located at corners of the 
substrate. Alternative ribs can include one or more posts, pillars, or bumps. These 
posts, pillars, and bumps can be arranged individually or in an array, and positioned 
along the perimeter region or on an interior region of the surface 109 of the substrate 

25 104. The ribs may be formed to overlap and encapsulate all or selected portions of the 
substrate edge 122. 

A method of forming a package, such as the package 120, using a molding 
process is shown in FIG. 4. A semiconductor die 401 is bonded to a substrate 403, and 
wire bonds 405 are provided to electrically connect the semiconductor die 401 to the 
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substrate 403. The wire-bonded semiconductor die 401 and the substrate 403 are placed 
between an upper mold half 407 and a lower mold half 409. The substrate 403 can be 
urged toward the lower mold half 409 using a vacuum applied through a vacuum port 
415. 

5 With the semiconductor die 401 and the substrate 403 positioned between the 

mold halves 407, 409, a resin or other encapsulating material is injected into a cavity 
417 that defines a package cover and a cavity 419 that defines a rib. After injecting the 
resin, the resin is cured. The semiconductor die 401, the substrate 403, and the molded 
package cover and rib may then be removed from the mold halves 407, 409. In this 

1 0 approach, the rib and package cover are formed as a single piece (i.e., the rib and the 
package cover are of a unitary one-piece integrated construction). Alternatively, the rib 
cavity 419 may be omitted from the lower mold half 409, and a package molded 
without a rib. An additional molding step and an additional mold or molds can then be 
used to define the rib. In the FIG. 4 approach, the solder bumps may be added to the 

1 5 undersurface of the substrate following molding. 

BGA assemblies such as the BGA assemblies 100, 200 of FIGS. 1-3 may also be 
produced in the form of a substrate strip 503, as illustrated in FIGS. 5A-5D. 
Semiconductor die 501a-501d are mounted (e.g., adhesively bonded) to one major 
surface of the substrate strip 503 and wire bonds 507 are provided to electrically 

20 connect the semiconductor die 501a-501d to conductor patterns defined by the substrate 
strip 503. FIGS. 5A-5D show four semiconductor die 501a-501d attached to the 
substrate strip 503, but a longer or shorter substrate strip can be used to mount more or 
fewer semiconductor die. The substrate strip 503 includes tie bars 505 that connect 
substrate portions 504a-504d. After the semiconductor die 501a-501d are attached and 

25 wire bonded to the substrate strip 503, respective package covers 509a-509d and ribs 
51 la-51 Id may be formed, as by molding. The illustrated package covers 509a-509d 
encapsulate the semiconductor die 501a-501d, respectively. FIG. 5B is a sectional view 
illustrating the packages 51 la-51 Id and FIG. 5C is a sectional view illustrating the 
package 51 Id. 
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After the package covers 509a-509d and the ribs 51 la-51 Id are formed, solder 
bumps 514 may be formed on the substrate strip 503 as shown in FIG. 5D in a 
conventional manner. The substrate strip 503 is then cut, sheared, or routed at the tie 
bars 505 along cut lines 508a-508d so that the semiconductor die 501a-501d are 
5 attached to respective substrate portions 504a-504d and are available as individual BGA 
assemblies. 

As illustrated in FIG. 5B, the package covers 509a-509d and ribs 51 la-51 Id do 
not cover or encapsulate the entire substrate strip edges formed at respective cut lines 
508a-508d after the substrate strip 503 is cut at the tie bars 505. Referring to FIG. 5C, 

1 0 opposed substrate edges 506d are in this example encapsulated by the package cover 

509d and the rib 51 Id. Similarly, the package covers 509a-509c and the ribs 51 la-51 lc 
encapsulate respective opposed edges 506a-506c, enhancing the protection of the 
substrate portions 504a-504c from penetration by moisture or other contaminants. In 
this illustrated embodiment even with the sheared edges of the substrate exposed, a 

1 5 majority of the substrate edge is encapsulated. The exposed sheared edges of the 
substrate may also be encapsulated, if desired. 

While the invention is described with respect to particular implementations, the 
invention is not limited to these implementations. 



